SYMPOSIUM PROCEEDINGS I 966 less well understood! Yet, probably well under 5 % of these marine scientists are engaged in fish-rearing work, even in the widest sense! Lastly, it will be obvious that even if scientific and technical solutions are found for any particular rearing project, and this is then approved for 'development', success at that or the production stage must in fact depend on economic factorswhether the product (either as a luxury article or as a serious contribution to the shortage of protein) can be produced economically. I n any particular project this should be borne in mind from the beginning and re-assessed periodically, especially if the object is to provide cheap food to relieve malnutrition.
VOl. 25 Fish farming 127 these problems we have compared two situations: the natural stock of fish in its natural environment and the transfer of natural fish to a type of environment that might result from enclosure in a pond, particularly the effects of high stocking densities. T h e first of these is of course a normal type of ecological problem. T h e second, however, requires the use of artificial enclosures and for economic reasons we have had to rely on relatively small-scale work in tanks. These tanks are 12 ft by 6 ft in size and the bottom can be filled with natural substrate containing the animals on which the fish feed. T h e sides, which are I ft high, and the top, are made of fine mesh which is intended to keep in the fish and to exclude predators. I n our study of the natural population we have obtained estimates of the population size throughout the year and also a knowledge of their food requirements. An increase in population in May/ June is the result of recruitment; thereafter there is a very rapid decrease in population with a mortality of about 45 yo per month. T h e maximum natural density in June was one fish/m2, decreasing to less than 0.1 by October. I n spite of growth, the food requirements of this population showed a marked decrease from June till October. T h e questions that arise are whether these decreases are due to a lack of food, to disease decimating the stock, or finally to predation. The tank experiments were designed to elucidate these questions.
I n the natural environment of a sandy bay tanks were stocked with different densities of young plaice and put on the bottom at the end of June. Tanks were then raised, 4, 11 and 18 weeks later, and each tank was sampled for all the fish in it. T h e highest initial stock density of fifteen fish/m2 fell to about nine after 4 weeks but decreased little thereafter. T h e lowest stocking density of 1-5 fish/m2 showed no decrease u p to the I I th week but the tank raised at the I 8th week had only two fish (o.3/m2). T h e growth rate of the fish at the low density was the same as that of the natural population, but the fish at the high density showed negligible growth rate over the whole period. These results suggest that the numbers of the natural population are not limited by food since a very much higher population could survive at maintenance level. Also, they would suggest that disease cannot be the limiting factor, since under such crowded conditions one would expect, if anything, a higher mortality from disease. Thus, the results from the tanks stocked at a high density appeared to confirm the conclusion that predation is the main cause of the observed decrease in the natural population. Food, however, appears to limit growth severely above the density of 1-5/m2, which is near the maximum density of the natural population after its settlement on the bottom in June.
At the same time as these experiments were conducted in the sandy bay, exactly the same experiment was set up in the enclosed silty area at the head of Loch Ewe, where plaice are not found naturally. Again there was a sharp drop in the population of the high density tank after 4 weeks, with little change at 1 1 weeks. However, at the 18th week no fish at all were recovered from the tank and the same was found for all the other lower density tanks. T h e first possibility is lack of food but we found that at both the 4th and I Ith weeks the fish appeared to be feeding satisfactorily, even though this had meant a change to different types of food. Thus, at least we have found that the fish can adapt to a new type of bottom containing a I 28
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different form of food supply. At the I Ith week, however, there was one important difference in these fish compared with those on the sandy bottom. The fish from the tanks with the silty bottom were heavily infected by a parasitic trematode. This trematode has a life cycle going from periwinkles through fish to birds. It is likely to be much more common in sheltered, semi-enclosed areas. The infection had penetrated through the skin of the fish into various vital organs so that, although we cannot be certain, it seems reasonable to suppose that the complete mortality after the 11th week was due largely to this disease. Apart from this particular infection, various others were observed to be much more common in fish in the enclosed area compared with those from the sandy beach and from tanks filled with sand. I n such silty areas we do not normally find young plaice and this may be partly due to the presence of other predators. However, our results would suggest that perhaps the main problem that can be faced in enclosed and silty waters could arise from parasitic infection, particularly from parasites which have life cycles dependent upon organisms living in the intertidal zone. On the credit side it appears from the tank results that, during the 1st year of life, food may be available to support populations slightly above the maximum densities observed naturally. These densities may not be far below those considered necessary for a fish farm but this is only a temporary advantage since, as the fish grow, their food requirements will increase very rapidly. Thus, in the 2nd and succeeding years of life it is very likely that the food requirement of the fish cannot be met from food available naturally if the fish are kept at densities sufficiently high for economic purposes. It will be possible, of course, to supplement food in the pond by supplying, from outside, food such as fish offal and mussels. This, in effect, would be using the pond as a shed rather than as a field.
We are thus faced with the problem of whether, as in farming, the yield from an area of ground can be increased by fertilization. The addition of the two main nutrients required in sea water, phosphorus and nitrogen, will increase the plant yield in a pond. For plaice, however, the essential increase is that of the benthic animals upon which they feed, so we are concerned with increasing a particular part of the food chain rather than in a general proliferation of energy. At Loch Ewe, working in floating tanks, we have tried to observe the effects of an increase of nutrients in the water on the two main types of plant growth: microscopic plants living in the water, and the benthic diatoms which are attached to the sand grains. So far we have carried out two short experiments in tanks over periods of 5 weeks, one in the autumn of 1964 and another in the spring of 1965. On both occasions there was a marked increase in the plant growth in the water, but on neither occasion was there any increase in the productivity of the benthic diatoms which may be more directly available to animals living in or on the bottom.
There has been considerable work on the productivity of benthic animals after nutrient enrichment in fresh water. The general conclusion has been that it takes about 2 years after fertilization begins before there is any sign of a major increase in the numbers of benthic animals on the bottom. In several of these experiments, although there were general increases in several true benthic species, the main
